ABSTRACT: This paper develops and validates an attitudinal scale that can measure the performance of e-commerce operations both in "pure play" Internet firms and in on-line components of multichannel firms. The measurement instrument is grounded in a resourcebased view of the firm. The final instrument contains a 14-item perceptual measurement scale. It was tested with data collected from a sample of 595 managers responsible for ecommerce operations. Psychometric testing of the instrument showed adequate construct validity.
has greater importance, particularly in evaluating e-commerce initiatives [17, 24, 50] .
This paper introduces and validates a perceptual scale to measure e-commerce performance. So far as is known, no one else has produced a validated perceptual scale for measuring e-commerce performance at the level of the firm. 2 The instrument described in this paper is suitable for use by academics and practitioners alike to measure e-commerce performance as a complement to objective measures, or in situations where objective measures are not readily available. It can also be used in special circumstances, as when e-commerce affects nonmonetary factors like customer satisfaction and competitiveness. This measurement instrument is not restricted to on-line "pure play" firms (relatively few of which exist) but is designed for use by multichannel firms to measure the performance of their on-line operations. In sum, the instrument developed and validated in this paper can become an important component in the arsenal of mensural tools available to researchers and managers hoping to learn more about the performance of e-commerce initiatives.
Review of the Literature
The measurement on-line variables has made a good deal of progress during the relatively short lifespan of the commercial Internet. This is an area of substantial interest to researchers and practicing managers. Some early researchers developed instruments to measure an assortment of benefits associated with e-commerce, such as browsing satisfaction and Web site effectiveness. These efforts were largely undertaken without the guidance of strong theory, however [61] , and the instruments were too often not subjected to a rigorous assessment of psychometric properties. It was difficult, therefore, to determine the accuracy, reliability, and validity of the data that resulted from these measures. As time went on, researchers began to take more care to validate and incorporate theory into their measures. The study of e-commerce measurement developed into a multidisciplinary area, drawing on research from marketing, economics, psychology, strategy, and other fields [22, 32, 36, 56, 59] .
Information Systems Research, the Journal of Management Information Systems, and the International Journal of Electronic Commerce have recently published works that explore or develop measures on a variety of Internet-related topics. Table 1 categorizes these papers, along with some other relevant works, into a framework that illustrates their contribution and fit. These papers employ a mix of theories, focal constructs, methods, and levels of analysis. Together, they form an extremely robust system of metrics through which to understand firm performance in the context of electronic commerce. The present paper is also displayed in Table 1 to allow for a concise view of its placement and contribution relative to the literature.
The metrics developed in these papers include analyses of individual variables, such as satisfaction, turnover, and enjoyment, Web site variables, such as effectiveness and usability, and firm-level variables, such as performance, success, and competitive advantage. Among the theories utilized are transactioncost economics, the technology acceptance model, expectation-disconfirmation Table 1 provide a rich foundation for studying electronic commerce performance, a few gaps remain. Few of the papers shown in Table 1 are aimed at measuring firm-level performance. Those that are tend to use publicly accessible, secondary sources of data [59] . As noted earlier, such data, while extremely valuable, may not present a complete picture of firm performance, especially in an e-commerce environment, or may not be readily available. Some studies utilized perceptual measures, but did not use the resulting data to measure performance at the level of the firm, at least not directly [31] . One recent study used perceptual data to measure firm-level performance in the financial services industry [60] . While very few firm-level perceptual measures of e-commerce performance are put forward in these papers, some researchers offer guidance on what characteristics such an instrument should possess. The fulfillment of objectives and the realization of targets, for example, were judged by Torkzadeh and Dhillon to be important considerations [53] . A comparative advantage over peers, in addition to absolute performance, was deemed relevant by Lederer, Mirchandani, and Sims [36] . Zahra and George recommended that measurement scales incorporate a set of firm-level variables [58] . Finally, a number of papers suggested that the guidance of strong theory was essential in the measurement development process [50, 61] . In sum, many of the papers argue for a multi-dimensional view of e-commerce performance. This paper builds upon these suggestions and recommendations.
The instrument developed in this paper addresses the aforementioned gaps as well as others in the current e-commerce performance-measurement literature. Previous work suggests that a combination of qualitative and quantitative measurement approaches provides the best overall indication of a firm's e-commerce performance (e.g., [29] ). The instrument presented in this paper was developed using both approaches. The development, refinement, and confirmation of the instrument used semistructured interviews with informed participants and confirmatory data from a large sample survey. Despite the large amount of published high-quality work on electronic commerce measurement, it appears that no validated perceptual measure of e-commerce performance at the level of the firm has yet been put forward. The present paper addresses this gap by developing, refining, and confirming a multidimensional perceptual measurement instrument to evaluate e-commerce performance.
Resource-Based View of the Firm
The discussion that follows is conceptually grounded in the resource-based view of the firm (RBV). The RBV is an influential theory in the fields of strategy and marketing, and is growing in other areas, such as information systems (IS) and organizational behavior. It argues that firms possess resources, a subset of which enables them to achieve competitive advantage, and a subset of those leads to superior long-term performance [7] . This accounts for differences among competing firms and explains how positive economic rents ensue under seemingly perfect competitive conditions [4, 7] . As noted by Wade and Hulland, resources that are valuable and rare, and whose benefits can be appropriated by the winning (or controlling) firm, confer a temporary competitive advantage [56] . This advantage can persist over a long period if the firm is able to protect its resources against imitation, transfer, or substitution, thus leading to a sustainable competitive advantage. For example, a firm's capability to learn quickly and apply that knowledge to its operations on an ongoing basis may provide it with a sustained competitive advantage over its close competitors [44] . The presence of valuable and rare resources transforms commodity-like inputs, such as e-commerce servers, Web programmers, and Web-development tools, into unique and immobile resources that can sustain a competitive advantage. Mata, Fuerst, and Barney described the RBV as follows:
The resource based view of the firm is based on two underlying assertions . . . (1) that the resources and capabilities possessed by competing firms may differ (resource heterogeneity); and (2) that these differences may be long lasting (resource immobility). In this context, the concept of a firm's resources and capabilities are [sic] defined very broadly, and could certainly include the ability of a firm to conceive, implement, and exploit valuable IT applications. [37, p. 491] The resource-based view is useful to the present research for several reasons. First, the effectiveness of RBV theory has been amply demonstrated. It is used extensively in e-commerce research, and especially in e-commerce measurement research [36, 53, 55, 56] . Second, empirical studies using the theory strongly support the resource-based view [38, 39] . Third, the firm level of analysis is applicable to this research. Fourth, the theory specifies quite precisely the necessary characteristics of a dependent variable-the focus of this paper (as will be explored further below). Fifth, the RBV has a long history of drawing on both subjective and objective measures.
Measurement of E-Commerce Performance
Proper validation of measurement instruments is a necessary condition of good empirical research. Poor instruments may lead to poor data, which in turn lead to poor conclusions. Many instruments are poor because they were not adequately validated, or were not validated at all [62] . Occasionally, good instruments that are modified and not subsequently revalidated become poor [51] . Poor measurement instruments hold a higher possibility of providing incorrect results. Unreliable instruments may be accurate in one setting and inaccurate in another. Instruments with poor construct validity may tap multiple meanings or systematically bias the results in one direction. Instruments with poor content validity may accurately address only part of the intended area of interest. In short, no measurement instrument is perfect, but proper validation can increase the odds of obtaining consistent and accurate findings. Drawing on Chin, Gopal, and Salisbury, this paper divides the instrument-validation process into three phases: instrument development, instrument refinement, and instrument confirmation [12] .
Instrument Development
Instrument development concerns the origin of measurement items. Measurement items typically originate from two sources: the research literature and exploratory research [14] . The research literature often contains suggestions for appropriate items to be included in a scale. In the event that the literature is incomplete or unhelpful, or if the topic is substantially new, the literature may be augmented by exploratory research. This typically involves interviews with experts and practitioners in the chosen field who may suggest new scale items or modifications to existing ones. Semistructured interviews add depth to a study and lift off some of the restrictions associated with purely quantitative methods [29, 61] . In the present study, measurement items were drawn both from the literature and from interviews with e-commerce managers. Table 2 shows the full set of measurement items (prior to psychometric testing) along with the source for each item.
Items Developed from the Literature
Two streams of literature were studied: the literature on e-commerce performance (reviewed earlier) and the literature on the resource-based view of the firm. The RBV literature provides some guidance for the development of a dependent variable [7] . As Wade and Hulland noted, the main dependent variable of the resource-based view of the firm, sustainable competitive advantage (SCA), should possess the following attributes: "(1) it should provide an assessment of performance, (2) it should incorporate a competitive assessment element, and (3) it should address the notion of performance over time" [56, p. 129] .
Consistent with their recommendations, the construct developed for the present research possesses the aforementioned attributes. First, a dependent variable should measure absolute or direct performance (how well is the firm doing?). This element can be measured subjectively by using questions about firm success and performance. Two items were drawn from the literature [1, 25] . An additional item was added based on the interviews (a complete list of items is included in Table 2 ). Thus, three items were developed to measure the direct-performance construct. Another indicator of performance is how well a firm is doing compared to its goals or objectives. This element is important because it can provide a detailed and multifaceted description of success not necessarily bound by financial considerations. For example, performance can be compared to expected levels of service, user satisfaction, reliability, revenue, and so on [38] . Fourteen items were found to measure performance compared to objectives [1, 7, 38 ]. An additional item was added from the interviews. Thus, fifteen items were developed to measure performance compared to objectives.
The second element is comparative performance (how well is the firm doing compared to its main competitors?). While a firm may be succeeding (or failing) in absolute terms, it may still be lagging (or leading) the competitive field. This is essentially a benchmarking measure, where performance is compared to a core set of competitors or an industry norm. Thus, this element seeks to tap an area of performance that is difficult to determine using measures of direct performance alone. Two items were found to measure performance compared to competitors [35, 40] .
The third and final element of a dependent variable, as suggested by Wade and Hulland [56] , is that performance is persistent over successive periods, not a one-time occurrence (how well is the firm doing this period compared to previous periods?). Sustainability of performance is an important aspect of the RBV, yet one that has traditionally been underexplored [11] . This is explained in part by the fact that multiperiod data are very time consuming and Source Question (adapted from) expensive to collect, particularly perceptual data. No questions were found in the literature to capture the sustainability component of e-commerce performance. Two questions were developed based on the research interviews (described below) to measure this performance dimension. Two additional factors related to the items are worth noting. First, while the RBV suggests that the elements described above should form part of a dependent variable, the theory does not advocate that each element be considered separately or distinctly from the others [56] . The three elements described above are not separate constructs, but dimensions of a single performance construct. Second, with the two exceptions of Adams, Kapashi, Neely, and Marr and of Kumar, Stern, and Anderson [1, 33] , all the measurement items taken from the research literature originally referred to organizational performance in general rather than e-commerce performance in particular.
Items Developed from Executive Interviews
The second source for the scale items was a set of semistructured interviews with 52 senior managers from 42 firms. Each manager worked in the part of the firm responsible for e-commerce operations. These executives were expected to have knowledge about their firm's e-commerce performance. Zhuang and Lederer iterated a similar assumption, and further claimed that using data from e-commerce managers would increase the quality of the data used in the survey [61] . About two-thirds of the interviewees were from the IS area, while another quarter came from the marketing area. The remainder were members of the general management team. The interviews were conducted between April and June, 2001. Sixty-five percent of the interviews were conducted in person, the remainder by phone. The duration of each interview averaged 50 minutes.
The sample was drawn from public and private sources and included large and small firms in industrial, consumer, and service industries at different geographical locations [20] . By obtaining a sample that reflected a diverse set of respondent organizations, the researcher was able to obtain a rich set of ideas and insights [42] . The goal of the sampling process was to target a wide range of firms conducting e-commerce (different sizes, industries, geographic regions, etc.). It was felt that by tapping a wide range of experiences, the research would gather a near-exhaustive set of measures from which to draw the final validated scale. Four of the 22 items originated from the executive interviews. Table 2 provides a full list of items with sources.
Instrument Refinement
Once measurement items had been developed, the instrument refinement phase could begin. The 22-item instrument was put through a refinement process consisting of two parts: a review by domain experts and researchers, and a pilot test with members of the sampling frame. First, the survey was reviewed by three domain experts (practicing managers in the area of e-commerce) known to the first author. The survey was also shown to two researchers familiar with the subject area as well as with instrument-development methods in general. At this stage, a number of changes were made to the wording and format of the items. In addition, it was suggested that four of the items be rationalized into two. These were the items on cost and budget objectives (combined to "budget"), and deadline and efficiency objectives (combined to "deadlines"). The resulting 20-item scale was sent to 100 randomly chosen members of the sampling frame. Thirty-one responses were received. While a high ratio of respondents to items (5 : 1 or higher) is recommended and is often used during scale development, a lower ratio is often used for item reduction and scale refinement [30, 54] .
An exploratory factor analysis on the 20 items in the measurement scale resulted in a two-factor solution (see Table 3 ). The eigenvalue of the first factor was 11.4, and it was able to explain 81 percent of the variance in the dataset. The second factor was below the normal cut-off (i.e., eigenvalue ≥ 1) and explained 15 percent of the variance in the data. Three items were cross-loaded on the two factors. Thus, the meaning of these items-related to employee objectives-was shared between both factors. In order to rationalize the scale and avoid multicollinearity, the cross-loaded items were removed. The second factor contained three items once the cross-loaded items were removed. The substance of these items, relating to strategy, investor satisfaction, and infrastructure, did not appear to tap a single meaning. Because the second factor contained only three incongruent items, had a low eigenvalue, explained only a small proportion of the variance in the data, and was not hypothesized or justified by theory, it was dropped from the scale. Thus, a single-factor measurement scale for e-commerce performance remained with 14 items, as shown in Table 3 . Further confirmatory tests were conducted on the instrument with a much larger data set, as described below.
Instrument Confirmation
Once developed, the instrument was put through a process of instrument confirmation in which it was rigorously tested using data from a large sample (595 cases). At this point, the instrument was subjected to comprehensive tests of reliability and validity. Drawing on Cook and Campbell, reliability is defined as the extent to which a measure is free from random error components [14] . High reliability is understood to mean that repeated employment of the measure would obtain consistent results. In turn, validity is the extent to which a measure reflects only the desired construct without contamination from other systematically varying constructs. Thus, validity requires reliability as a prerequisite. The components of validity include content and construct validity-the latter, in turn, can be divided into construct and discriminant validity [14] . Each of these components will be addressed below.
Once the items were developed and refined, the instrument was tested on a large sample of e-commerce managers. The instrument was used as part of a study on the impact of IS on e-commerce performance. The methodology employed was an on-line survey that closely followed the guidelines set out by Schaefer and Dillman and by Cook, Heath, and Thompson [13, 46] . The suitability and efficacy of Web survey methodologies deserve some discussion. Despite the relative newness of the Internet and the Web, on-line survey methodologies have been extensively researched in the social sciences [18, 26, 55] . The benefits of on-line surveys include quick turnaround for results, respondent accuracy equivalent to or better than other survey methodologies, interactive capabilities, distribution flexibility, low incremental cost, and a smaller possibility of errors through multiple data entry [15, 47] .
There are two main areas of concern when using the Web as the main method of data collection: coverage bias and nonresponse bias. Coverage bias concerns the fact that some members of the population of interest have no chance of being sampled. In an on-line survey, those with Internet access will be oversampled, while all others are ignored. For this reason, mail and phone surveys are used more often in survey research, despite the advantages of online methods. In this case, it was assumed that respondents would have access to both e-mail and the Web, and that using this medium to distribute the questionnaire would not result in excessive coverage bias. This assumption was based on the fact that target respondents were senior managers with e-commerce retailers in or e-commerce divisions of multichannel retailers. As a precaution, respondents were given the option of receiving the survey instrument by regular mail. Empirical studies have demonstrated that a combination of Web-based and regular mail-based questionnaires did not produce erroneous estimates [55] . However, none of the survey respondents took advantage of this option. Nonresponse bias is concerned with accounting for possible systematic (nonrandom) differences between respondents and nonrespondents. Since on-line surveys typically have lower response rates than mail or telephone surveys, nonresponse bias is a cause for concern [19, 48] . One comprehensive study considered anything over 20 percent a good response rate for an e-mail survey design [44] . Another study of response rates for e-mail surveys considered a response rate of 24 percent to be normal [48] , while a third regarded a response rate of 20-30 percent as typical for Web survey designs [15] . Nevertheless, results of surveys with lower response rates (11%) were also considered acceptable [61] . While the response rate to the present survey fell within the acceptable range, the potential for a bias was recognized, and in consequence several tests were conducted to ensure the reliability of the data (as discussed below).
The sample for the on-line survey was drawn randomly from a population of North American publicly traded retail firms, using a systematic sampling technique. The sampling frame consisted of public and private financial databases, including EDGAR (SEC), SEDAR (Canada), COMPUSTAT, Hoover's Masterlist, Bloomberg Directory, LEXIS-NEXIS, and Blue Book on-line. Individuals identified as senior managers in the relevant areas (CEO, COO, VP e-commerce, VP information systems, VP marketing, etc.) were contacted and asked about on-line operations.
A key-informant approach was followed [33] . The respondents were asked to answer questions from the firm's perspective (e.g., firm-level success, importance of specified resources to the firm) and not about themselves personally (with the exception of two demographic questions). Similar methodological approaches have been employed by other researchers [23, 43, 50] . In order to check for key-respondent bias, multiple responses received from a subset of 45 firms were checked for consistency and reliability using a test of inter-rater reliability [3] . No biases were found. E-mail messages were sent to a total of 3,316 potential respondents inviting them to participate in the survey. Since 593 of these messages "bounced" (17.9%) and were assumed not to have reached the intended recipients, 2,713 invitations to participate in the project were (assumed to have been) received by potential respondents. Following one reminder message sent two weeks after the initial e-mailing, a total of 625 surveys were returned (23% response rate). Thirty completed surveys were found to be incomplete and were dropped from the total response pool, leaving 595 usable responses. The final response rate of 23 percent is in line with other on-line survey methodologies [15, 46, 47] . A test for differences between the first and last 10 percent of respondents was conducted to test for the possibility of nonresponse bias. The test assumed that late respondents were more similar to nonrespondents than to their early counterparts. The results showed no significant differences among responses, and thus provided some assurance against nonresponse bias [5] .
Construct Validity
Construct validity is the extent to which a variable accurately reflects or measures the construct of interest. Construct validity is normally understood to consist of two elements: convergent and discriminant validity. Both types of validity can be measured and tested empirically [14, 21] .
Convergent validity. Convergent validity is the degree to which two or more attempts to measure the same construct agree. To establish convergent validity, it is necessary to show that measures that should be related are, in reality, related. Table 4 shows the results of tests for convergent validity of the measurement scale. Item reliability, as measured by the individual loadings of each item on the construct, is universally high. The square of the loadings is greater than the 0.7 threshold for all items. Composite reliability, as measured by the internal consistency coefficient (0.9841) and Cronbach's alpha (0.9824), is above the standard benchmark level of 0.7. Finally, the average variance extracted by the e-commerce performance construct from the measurement items is 0.8157, well above the acceptable minimum of 0.5. Thus, these findings suggest that the measurement scale exhibits adequate convergent validity [14] .
Finally, a principal-components factor analysis was conducted on the full dataset of 595 respondents (recall that an earlier factor analysis was conducted using data from the 31 pilot-study respondents). The factor analysis resulted in a single-factor solution, with an eigenvalue of 12.3, and variance explained of 85 percent. All items had factor leadings in excess of 0.7, with most greater than 0.9.
Discriminant validity. Convergent validity is concerned with the extent to which measures of constructs that should be related to one another are, in fact, related. By contrast, discriminant validity, the other element of construct validity, is concerned with the extent to which measures of constructs that should not be related to one another are, in fact, not related. In other words, it tests whether the measures discriminate among one another along expected lines [14, 51] .
In order to test discriminant validity, it is necessary to introduce other constructs into the testing process. Without additional constructs, it is not possible to determine what the instrument is discriminant from. Three additional constructs are introduced here for this purpose. They are presented solely to support the validation of the e-commerce performance instrument. Since these additional constructs have been individually validated in a separate process, they are not, in and of themselves, being evaluated in this paper.
In the context of a study on e-commerce retailing, data were collected on four constructs: three independent constructs and one dependent construct (the e-commerce performance instrument being validated in this paper). For purposes of clarification, the conceptual model used in the study is shown in Figure 1 . The independent constructs were: IS adaptive capabilities, IS systems design capabilities, and IS management capabilities. These measures were developed through a separate instrument-validation process and will not be discussed further here.
A matrix of loadings and cross-loadings (see Table 5 ) is a robust test of discriminant validity recommended by Barclay, Higgins, and Thompson [6] . The Table 5 . Matrix of Loadings and Cross-Loadings.
Note: All correlations significant at the 0.01 level.
matrix shows how each of the measures loads on the entire model constructs by correlating the construct factor scores with actual data values on a case-bycase basis. To indicate good discriminant validity, items should load highly on the intended construct but at the same time not load highly on other constructs [6] . Table 5 shows that the e-commerce performance items load highly on the intended construct but do not load as highly on the other constructs. In addition, items from the other constructs in the model do not load as highly on the e-commerce performance construct as the intended items. This finding suggests that the scale exhibits adequate discriminant validity. Together, the convergent and discriminant validities confirm that the instrument exhibits satisfactory construct validity [14] . Table 6 shows descriptive statistics for each of the item measures taken from the full dataset. The mean value for each of the items was close to 3 (average of 3.12 on a 5-point Likert scale), while the median value for each item was 3. Thus, for benchmarking purposes, values above 3 indicate above-average evaluations, while those below 3 indicate negative evaluations for all items in the instrument. The average standard deviation of the items was 1.1, with no single item having a standard deviation greater than 1.3 or less than 1. Measurements of skewness indicated that responses were normally distributed around the mean (all skewness measures were between -0.3 and 0.1).
Summary of Findings
In summary, measurement items were drawn from the relevant research literature and augmented by interviews with 52 e-commerce managers. This process resulted in a 22-item scale. The scale was then reduced to 14 items through a review by domain experts and a process of exploratory factor analysis on pilot data. Once developed, the scale was tested using survey data from 595 e-commerce managers. Results of various statistical tests of convergent and discriminant validity suggested that the measurement was reliable and valid, and exhibited strong psychometric properties. The exact wording of the final items is shown in the Appendix.
Future Research and Limitations
The perceptual measure presented in this paper facilitates the administration of the instrument at the organization level and the assessment of various ecommerce performance dimensions. As yet, however, the measure has only been tested in one context, in one time period, and with one data set. Researchers are encouraged to utilize the instrument with new datasets in other contexts. For example, the measure provides a general indication of performance for e-commerce retailers. Future research could expand the scope to include data related to industry, geography, functional area, and so on, in order for the instrument to be useful for individual purposes.
To enhance the external validity of the proposed instrument, future studies may use this perceptual e-commerce performance measure in tandem with other measures and attempt to triangulate results. Companion measures utilizing objective measures could be developed to complement the instrument and form a MTMM matrix [10] . While difficult to obtain in practice, better objective measures of e-commerce performance are clearly required. This 14-item measure may be further refined into a more parsimonious measure of e-commerce performance at the firm level. In particular, steps might be taken to consolidate some of the items comprising the e-commerce performance compared to objectives dimension of the construct. A smaller number of items may enhance the usability of the instrument. Great care must be taken, however, not to damage the content validity of the proposed instrument.
While the items in the measurement scale are worded in such a way as to target firms engaged in e-commerce, the instrument may also be validated in other contexts. For example, it may be worthwhile to test whether the reliability and validity of the instrument hold in specific contexts, such as for the evaluation of ERP or CRM systems, or for general organizational performance.
Discussion and Conclusions
The primary aim of this study was to develop and validate a perceptual measurement instrument of e-commerce performance at the level of the firm. A multi-phase process of measurement development, refinement, and confirmation was used in the development of a 14-item scale. The measure is conceptually grounded in the resource-based view (RBV) of the firm and may be used by practitioners and academics alike to evaluate e-commerce performance. This paper represents an initial step toward being able to reliably measure the performance of firms engaged in e-commerce, whether on a fulltime basis or as part of a multichannel strategy. Clearly, more work is necessary to establish the generalizability of the instrument.
Contribution to Research
Unlike many e-commerce measurement efforts in the past, this study provides an instrument with strong ties to theory. The study largely supports, and is supported by, the resource-based view of the firm. Although they do not exist as separate and distinct factors in the model, RBV-inspired elements, such as absolute (direct) performance, performance compared to objectives, comparative (i.e., relative to competition) performance, and sustained performance, are all elements of the instrument. The RBV is suitable for the analysis of e-commerce performance because the tools and processes used to develop e-commerce infrastructure and operations are available to all firms, yet some manage to transform them into unique capabilities that are hard to imitate and thus form the source of a sustainable competitive advantage.
The proposed instrument is the result of an attempt to fill a gap in the literature by providing a perceptual measure of e-commerce performance at the level of the firm. Despite some limitations discussed below, the steps taken to develop, refine, and confirm the instrument have resulted in a valid and reliable measure of firm-level e-commerce performance. Researchers can use the instrument presented in this paper to measure the performance of e-commerce operations in conjunction with objective measures (if available), or the instrument can be used by itself. One might add that the results reported in this paper complement the results reported by Zhu, Kraemer, Xu, and Dedrick [60] . The present study and their study report similar results in support of the use of perceptual firm-level measures but rely on different theories (technologyorganization-environment vs. resource-based view) and focus on different industries (financial services vs. retail).
The instrument has been designed for use by researchers wishing to use a survey data-collection methodology. The full 14-item measure provides an indication of overall e-commerce performance. Many conceptual models seek to explain and predict the performance of e-commerce operations. The instrument presented in this paper can be used to represent the dependent construct in these models. While this research draws heavily on the resource-based view of the firm, there is no reason why the instrument cannot be used by researchers employing other theories (or, indeed, by practicing managers or others using no theory at all). Researchers can experiment with independent constructs to better understand the antecedents to successful e-commerce.
Researchers can also use the instrument to pinpoint specific areas of strength and weakness within an organization's e-commerce strategy. Focus can then be placed on those specific factors. Used in this way, the instrument can act as a filter to determine the most fruitful topics for continuing research and analysis, perhaps using more intensive methodologies like interviews or case studies.
Contribution to Practice
A key contribution of the paper is that it provides a validated instrument that is robust and relatively easy to administer. A firm may test its own e-commerce performance using the instrument by administering the measurement items to its own managers. The instrument is able to provide more than an indication of overall e-commerce performance. It is also able to point a firm's management team to sources of potential weakness. If, for example, a firm scores low on meeting user-satisfaction objectives, then management knows that one way to perform better in its e-commerce operations is to constructively address that dimension. The list of 14 items allows a firm to identify its sources of strength and weakness and to target the elements that require the most attention.
This work also contributes by enabling practitioners to measure firm-level e-commerce performance in situations where direct, objective financial measures are not readily available, or where it is important to measure nonmonetary elements of e-commerce success. The instrument allows for the inclusion of nonfinancial benefits, such as customer satisfaction and competitiveness, thus expanding the dimensions along which e-commerce performance can be measured. Ideally, firms could employ this measure in conjunction with other measures, perhaps as part of a performance scorecard.
The instrument can further be useful when applied longitudinally. Firms can use the scale to evaluate performance at consecutive times. Scores from past periods can then be compared to scores from the current period in order to build a performance trend-line. By administering the instrument over successive periods, a firm can determine whether it is moving ahead toward the establishment of strong e-commerce capabilities, or whether it is falling behind. Finally, the instrument is not limited to "pure play" firms, for it can be used by multichannel firms to assess the performance of their on-line components.
In sum, the measurement scale presented in this paper is a reliable and valid perceptual indication of an organization's e-commerce performance.
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